Abstract Groundwater is a very important asset to the people of the Upper West region of the Ghana where majority of them are farmers. Groundwater serves as the most reliable source of water for their domestic and agricultural activities. This study was aimed at assessing the suitability of groundwater for irrigational purposes in some selected communities of five districts where farming activities are very intensive. Twenty-three groundwater samples were collected and analysed for major anions and cations. Physicochemical parameters such as electrical conductivity (EC) and total dissolved solids (TDS) were also measured. From the results of the analyses and measurements, the suitability of the groundwater for irrigation were evaluated based on the TDS, EC, percentage sodium (%Na), sodium adsorption ratio (SAR), permeability index (PI), residual sodium carbonate (RSC), magnesium adsorption ratio (MAR), Kelly's ratio (KR) and chloro-alkaline Indices (CAI). US salinity laboratory diagram and Wilcox diagrams were also applied. The EC results show that the groundwater in the study area can be classified as none and slight to moderate. According to the US salinity diagram, groundwater in the study area falls within the low salinity-low sodium hazard and medium salinity-low sodium hazard class. The %Na and the resulting Wilcox diagram also classify the groundwater as excellent to good and good to permissible. The groundwater in the study area is generally good for irrigation purposes. However, there are few instances which are problematic and would require special irrigation methods.
Introduction
The Upper West region is one of the major food baskets of Ghana where majority of foodstuffs are cultivated annually for the sustenance of its indigenes and the country as a whole. The region forms part of the Sahelian region of Ghana and is characterized by a precarious nature of surface water reserves. In many places, the aquifers are the only continuous source of water available to meet the needs of the inhabitants. The spatial and temporal variability of water resources in sub-Saharan Africa is influencing agricultural development and this can ultimately affect food insecurity and poverty in the region (Anayah and Kaluarachchi 2009) .
Rainfall still remains the main source of water for agriculture in the Upper West region and the nation as a whole. Surface water resources such as rivers also play important roles in this regard. The construction of irrigation dams in various parts of the region to serve as reservoirs for use in the dry season attests to the over dependency on rainfall for agriculture. In recent years, however, the negative effects of climate change have led to changes in rainfall patterns and intensity. The lengthy dry season has also resulted in the drying up of various surface waters and dams in the region. This has made the construction of dams for irrigation purposes not too useful and has led to low harvest in some seasons. In addition, surface water bodies are highly vulnerable to contamination due to natural alteration and anthropogenic interference. This makes them potentially not suitable for irrigation. Notwithstanding this, the Government of Ghana through the Ministry of Food and Agriculture and other development partners are still placing increased attention on irrigation as a way to increase output, address food and nutrition security, and alleviate poverty (Namara et al. 2011) .
The increasing potential of groundwater resources in the region has been underestimated. Due to the wrong notion that the groundwater resources of the region are relatively inadequate, its usage has been restricted to domestic purposes. The fallen water tables in some areas where many boreholes have been sited further augments this notion as has been reported by Gyau-Boakye and Tumbulto (2000) . This has relegated the use of groundwater as a potential and reliable source of water for irrigation.
However, in recent times, the use of groundwater for irrigation in other parts of the country such the Upper East, Volta and Greater Accra Regions of Ghana (Namara et al. 2011; Kortatsi 1994 ) has resulted in farmers in the Upper West region also taken a queue from that. According to Yidana and Yidana (2009) , it has been envisaged that groundwater has the potential of being phased in sufficient quantities to meet irrigation needs to raise the living standards of the communities whose main stay over the years has been rain-fed peasant farming.
The quality of groundwater is very crucial for the sustainability of life. Groundwater is generally assumed to be safe for consumption because it is located beneath the land surface and not typically in contact with the atmosphere (Quist et al. 1988 ). Although groundwater is generally buffered from most surface polluting activities (Yidana and Yidana 2009 ), its quality can further deteriorate with time as a result of increasing pollution of surface water. Groundwater quality may also be compromised as a result of anthropogenic activities close to boreholes and shallow hand dug wells. Poor sanitation, improper waste disposal, seepage of agrochemicals and mining has been observed to affect the quality of groundwater (Salifu et al. 2013; Fianko et al. 2010; Jain et al. 2009; Carpenter et al. 1998) . Sustaining current agricultural production and agri-food processing depends on quality water supplies. Irrigation requires good quality water in order to prevent damage to sensitive crops from pesticides, salts, and trace metals (Kurdi et al. 2013 ). In addition, low sodicity in irrigation waters is necessary to maintain soil structural stability (Little et al. 2010) . This study seeks to evaluate the quality and suitability of groundwater as an alternate source of water for irrigation in some selected districts of the Upper West region of Ghana.
Study area Location and geography
The region covers a geographical area of approximately 18,478 km 2 . This constitutes about 12.7 % (12 %) of the total land area of Ghana. The region is bordered on the North by the Republic of Burkina Faso, on the East by Upper East Region, to the South by Northern Region and on the West by Cote d'Ivoire. It is the seventh largest region in Ghana in total area, and is made up of nine districts. The major economic activity of the region is agriculture. Crops grown include corn, millet, peanuts, ocra, shea butter, yam and rice. Sheep, goats, chickens, pigs and guinea fowls are raised for meat and eggs (http://www. ghanadistricts.com/reg-info.asp?RegionID=6). Five districts were selected for this study and the selected towns are those noted for intensive agricultural activities.
Because the region's dry season is long, extending roughly from October to May, many people leave the region to work in the Southern part of Ghana for at least part of the year. The region is located in the Guinea Savannah vegetation belt. The vegetation consists of grass with scattered drought-resistant trees such as the shea, the baobab, dawadawa, and neem trees. The heterogeneous collection of trees provides all domestic requirements for fuel wood and charcoal, construction of houses, cattle kraals and fencing of gardens. The shorter shrubs and grass provide fodder for livestock. The climate of the region is one that is common to the three Northern regions. There are two seasons, the dry and the wet seasons. The wet season commences from early April and ends in October. The dry season, which is characterized by the cold and hazy harmattan (the North East trade winds) weather, starts from early November and ends in the latter part of March when the hot weather begins with intensity and ends only with the onset of the early rainfall in April. The temperature of the region is between a low of 15°C at night time during the harmattan season and a high of 40°C in the day during the hot season (http://www.ghanadistricts.com/ reg-info.asp?RegionID=6). Total annual rainfall in the area ranges from 910 to 2000 mm with an average humidity of 95 mm (Aduah and Aabeyir 2012) .
Geology
The study area falls within the Wa-Lawra Gold belt of Ghana. This is a unique belt as it is the only Birimian Goldbearing belt in Ghana which trends in the North-South direction. There remaining Gold-bearing belts all trend in the North East-South-West directions. The Wa-Lawra belt marks the eastern side of a much larger, N-S trending greenstone belt that extends into Gaoua area of Burkina Faso, well west of the Black Volta (Kesse 1985; Griffis and Agezo 2000) . The geology of the study area is mainly the basement crystalline rocks associated with the West African Craton. The geology of the Wa-Lawra belt has been described by several workers including Leube et al. (1990) , Taylor et al. (1992) , and Hirdes and Davis (1992) . The basement crystalline rocks are of Precambrian age and basically consist of the Birimian rocks and associated granitoid intrusions. These rocks include biotite and muscovite-bearing granite, hornblende-bearing granite, granodiorite, diorite and gabbro, phyllites, schist, tuffs, basalt, sandstones, siltstones, manganiferous sediments and strongly deformed metamorphic rocks (Key 1992; Nude and Arhin 2009) (Fig. 1 ).
Sampling and analysis
A total of 23 groundwater samples, namely, monitoring, domestic and hand dug wells from five districts were sampled. The sampling campaign was carried out in the dry season, in the months of October and November, 2013. In sampling from boreholes with hand pumps, purging was done for a minimum of 10 min to flush stagnant water retained in the pipes. In the case of hand dug wells, it was properly checked and confirmed that the well was being used daily. This was to ensure that stale and stagnant water was not sampled. All the water samples were collected in 250 mL preconditioned high-density polyethylene bottles. The bottles were conditioned by washing with 5 % nitric acid, and then rinsed several times with distilled water. This was carried out to ensure that the sampling bottles were free from contaminants. Temperature, electrical conductivity (EC) and total dissolved solids (TDS) measurements were conducted in situ in the field by the HACH conductivity and pH meter. Onsite testing of these variables was necessary since these parameters are likely to change during transport. Bicarbonate (HCO 3 -) titration was done at the well head using a HACH digital titrator. Sodium (Na ? ) and potassium (K ? ) were analysed using flame emission photometer (Sherwood model 420), magnesium (Mg 2? ) and calcium (Ca 2? ) using Varian AA240 Fast Sequential Atomic Absorption Spectrometer. Chloride (Cl -), sulphate (SO 4 2-) and nitrate (NO 3 -) were analysed using ICS-90 ion chromatography at the Nuclear Chemistry and Environmental Research Centre, Ghana Atomic Energy Commission. 
Quality of irrigation water
The concentration and composition of dissolved constituents in water determine its quality for irrigation use. Quality of water is an important consideration in any appraisal of salinity or alkali conditions in an irrigated area (USSL 1954). Water used for irrigation can vary greatly in quality depending upon type and quantity of dissolved salts. Salts are present in irrigation water in relatively small but significant amounts. They originate from dissolution or weathering of the rocks and soil, including dissolution of lime, gypsum and other slowly dissolved soil minerals. These salts are carried with the water to wherever it is used. In the case of irrigation, the salts are applied with the water and remain behind in the soil as water evaporates or is used by the crop. The suitability of water for irrigation is determined not only by the total amount of salt present, but also by the kind of salt. Various soil and cropping problems develop as the total salt content increases, and special management practices may be required to maintain acceptable crop yields. Water quality or suitability for use is judged on the potential severity of problems that can be expected to develop during long-term use (Ayers and Westcott 1985) . The characteristics of irrigated water that makes it very important in determining its quality are the total concentration of soluble salts (TDS), relative proportion of sodium to other cations (sodium adsorption ratio, SAR), chemical concentration of elements like Na ? , Cl -and/or B that may be toxic and residual sodium carbonate or residual alkalinity (RSC or RA) (Michael 1992; Raghunath 1987; USGS 1948) . Various criteria have been used in literature in the classification of groundwater for irrigation purposes. These include:
1. The sodium adsorption ratio (SAR) proposed by the Richards (1954) and defined as:
SAR gives an indication of the level to which irrigation water undergoes cation exchange reaction in soil. 2. Soluble sodium percent (SSP) is also used to evaluate sodium hazard. Doneen (1964) defines SSP as:
Water with an SSP greater than 60 % may result in sodium accumulations that will cause a breakdown in the soil's physical properties. 3. Residual alkalinity (RA) or residual sodium carbonate (RSC) defined by Eaton (1950) and Richards (1954) :
4. Kelly's ratio defined by Kelly (1963) as
5. Magnesium adsorption ratio (MAR) which was proposed by Raghunath (1987) as: Na
Â 100:
6. Doneen (1964) also classified irrigated water based on permeability index (PI) as:
7. Chloro-alkaline indices (CAI) defined as:
All ionic concentrations are in milli-equivalents per litre (meq/L) except for Na%, MAR and PI which are expressed in percentages.
Results and discussion
The hydrochemical dataset resulting from the 23 samples are presented in the form of box plots and table in Fig. 2 and Table 1, respectively. Table 2 presents the calculated irrigation water quality parameters. There are variations in the data of each parameter as indicated by the position of the median bar and the relative lengths of the whiskers on both sides of the box (Fig. 2) of each of the parameters. Most of the parameters have low concentrations and may be indicative of natural processes such as water-rock interactions controlling the chemistry of groundwater in the study area.
The pH of the groundwater in the study area ranges from 6.3 to 8.1 indicating that the waters are slightly acidic to slightly basic. The highest pH value was recorded in the Wa municipality with Uwollu in the Nadowli district having the least pH value. The total dissolved solids (TDS) shows wide variations, ranging between 43.8 to 564 mg/L with a mean concentration of 211 mg/L. All the groundwaters have TDS values within the WHO (2005) acceptable limits of 1500 mg/L. The electrical conductivities also portray wide variations, ranging in value from 87.5 to 1128 lS/cm. The higher EC recorded in some groundwaters in the study area indicates the enrichment of some salts in the groundwater. The value of electrical conductivity may be an approximate index of the total content of dissolved substance in water. Their presence depends upon temperature, concentration and types of ions present (Hem 1985) . Only a domestic well in Jeffisi-Bosobelle of the Sissala district recorded EC value above the acceptable permissible limit of 1500 lS/cm (WHO 2005 2-salts affect sensitive crops by limiting the uptake of calcium and increasing the adsorption of sodium and potassium, resulting in a disturbance in the cationic balance within the plant.
Irrigational water quality Electrical conductivity (EC)
EC which gives an indication of the salinity hazard is the most important water quality guideline on crop productivity (Johnson and Zhang 1990) . Water with high salinity is toxic to plants and poses a salinity hazard (Fipps 2003) . According to Ayers and Westcott (1985) , groundwater with an EC value greater than 3000 lS/cm ([3000 lS/cm) is termed ''Fair'' and would greatly affect crop productivity or yield. The water is termed ''Good'' if the EC ranges between 700 and 3000 lS/cm while ''Excellent'' refers to waters with EC values less than 700 lS/cm (\700 lS/cm). From the classification suggested by Ayers and Westcott (1985) , groundwaters in the study area can be termed as ''Excellent'' and ''Good''. This result may be a reflection of the satisfactory crop productivity in the study area. High EC water results in the inability of plants to compete for ions in the soil, resulting in physiological drought and subsequently decreasing the crop yield. This means that even though the field appears to have plenty of moisture, the plants wilt because of the inability of the roots to absorb water (Fipps 2003) .
Total dissolved solids (TDS)
In the assessment of the quality of groundwater for irrigation, TDS is one of the very important parameters considered. This has become necessary due to the presence of toxic solid particles in the water (Matthess 1982) . A salinity problem exists if salt accumulates in the crop root zone to a concentration that causes a loss in yield. In irrigated areas, these salts often originate from a saline, high water table or from salts in the applied water. Yield reductions occur when the salts accumulate in the root zone to such an extent that the crop is no longer able to extract sufficient water from the salty soil solution, resulting in a water stress for a significant period of time. If water uptake is appreciably reduced, the plant slows its rate of growth (Ayers and Westcott 1985) . (Ayers and Westcott 1985; UCCC 1974) . Groundwaters in the study All ionic concentrations are in milli-equivalents per litre (meq/L) except for %Na, MAR and PI which are expressed in percentages (%) area have TDS ranging from 43.8 to 564 mg/L and can therefore be classified as ''none'' and ''slight to moderate''. This implies that the groundwater in the study is suitable for irrigation based on TDS values.
Percentage sodium (%Na)
%Na is an indication of the soluble sodium content of the groundwater and also used to evaluate Na hazard. In all natural waters, %Na is a common parameter to assess its suitability for irrigation purposes since sodium reacts with the soil to reduce permeability (Janardhana Raju et al. 1992; Wilcox 1955) . According to Fipps (2003) , water with a %Na greater than 60 % may result in sodium accumulations that will cause a breakdown in the soil's physical properties. Excess Na combining with carbonate, leads to formation of alkali soils, whereas with chloride, saline soils are formed. Neither soil will support plant growth (Rao 2005) . The %Na of the groundwaters in the study area ranges from 28.34 to 71.02 %. The Wilcox (1955) diagram (Fig. 3) relating sodium percent and EC shows that 95.65 % of the groundwater falls in the ''Excellent to Good'' range while the remaining 4.35 % fall under the ''Good to Permissible'' range. This makes the groundwater in the study area suitable for irrigation purposes.
Permeability index (PI)
The classification of water for irrigation based on PI was suggested by Doneen (1964) . This takes into consideration the Na ? , Ca 2? , Mg 2? and HCO 3 -contents of the soil. The PI values in the study area vary from 65.09 to 99.39 as shown in Table 2 . Based on Doneen's chart and the USSL diagram classification, groundwater with PI greater than 75 % (PI [ 75 %) are termed Class I, and Class III (\25 %). Based on PI values, all the samples are Class I samples except for one which is Class II, representing 96.65 and 4.35 %, respectively. This makes the water very suitable for irrigation.
Residual sodium carbonate (RSC)
Waters with high concentrations of HCO 3
-have the tendency to cause the precipitation of Ca 2? and Mg 2? as the water in the soil becomes more concentrated. As a result, the relative proportion of Na ? in the water is increased in the form of sodium bicarbonate (Sadashivaiah et al. 2008) . RSC values less than 1.25 meq/L (RSC \ 1.25 meq/L) are generally considered safe for irrigation. Water with an RSC between 1.25 and 2.5 meq/L is termed marginal and could be used with good irrigation management techniques and soil salinity monitored by laboratory analysis. Those with RSC values greater than 2.5 meq/L (RSC [ 2.5 meq/L) are said to be unsuitable for irrigation (Eaton 1950; Richards 1954) . In this study, 56 % of the samples are safe for irrigation, 34.78 % are marginal and would require great care in its usage. The remaining 8.7 % are unsuitable for use as irrigated water.
Sodium adsorption ratio (SAR)
Irrigation water containing large amounts of sodium is of special concern due to sodium's effects on the soil and poses a sodium hazard. Continued use of water having a high SAR leads to a breakdown in the physical structure of the soil. Sodium is adsorbed and becomes attached to soil particles. The soil then becomes hard and compact when dry and increasingly impervious to water penetration. Fine textured soils, especially those high in clay, are most subject to this action. Certain amendments may be required to maintain soils under high SARs. Calcium and magnesium, if present in the soil in large enough quantities, will counter the effects of the sodium and help maintain good soil properties (Fipps 2003) . Groundwater for irrigation with a SAR value less than 10 meq/L (SAR \ 10 meq/L) are classified as ''Excellent'', those with SAR values between 10 and 18 meq/L are termed ''Good'' and ''Doubtful'' if the SAR value is between 18 and 26 meq/L. ''Unsuitable'' refers to groundwater with a SAR value greater than 26 meq/L (SAR [ 26 meq/L) (Sadashivaiah et al. 2008; Todd 1980) . Based on SAR values for the study area, all the groundwaters could be classified as excellent and would be suitable for irrigation. A plot of groundwater data on the US salinity diagram (Richards 1968) , in which the EC is taken as salinity hazard and SAR as alkalinity hazard (Fig. 4) , shows 13.04 % of the samples fall within the low salinity-low sodium type of water (C1-S1) and 82.61 % fall under medium salinity-low sodium class (C2-S1). Only 4.35 % (representing only one sample) of the samples fall within the high-salinity hazard-low sodium hazard class (C3-S1). This groundwater sample (C3-S1) is from a well in the Jeffisi-Bosobelle of the Sissala district. Groundwaters that fall within the C1-S1 and C2-S1 can be used for irrigation on all types of soil with little danger of the development of harmful levels of exchangeable sodium. However, C3-S1 types of water could only be used to irrigate certain semi-tolerant crops (Ahamed et al. 2013 ).
Magnesium adsorption ratio (MAR)
Calcium and magnesium in most waters maintain a state of equilibrium. Raghunath (1987) and Gupta and Gupta (1987) suggest that high magnesium hazard value ([50 %) has an adverse effect on the crop yield as the soil becomes more alkaline. MAR results from this study shows that all the samples are well below 50 % and as such suitable for irrigation.
Kelly's ratio (KR)
Kelly's ratio (KR) introduced by Kelly (1963) is an important parameter used in the evaluation of water quality for irrigation. This parameter is based the Na, Ca and Mg levels in the groundwater. According to this classification, groundwater with a KR value greater than one (KR [ 1) is deemed unfit for irrigation. From this study, eight groundwater samples from six communities representing 34.78 % of the total samples have values greater than 1.
The areas with KR values above 1 are Silaa, Silaa Duasi and Yanyounyiri in the Wa Municipality, Wogu Newtown and Moyiri in the Nadowli district and Monyupele in the Lawra district. This suggests that groundwater from such towns are deemed unfit for irrigation based on Kelly's ratio.
Chloro-alkaline indices (CAI)
CAI gives an indication of ion exchange between ions in the groundwater and their host rock (Sastri 1994) . A negative CAI value is an indication of exchange between Na ? K with Ca and Mg. If there is no exchange between these parameters, a positive CAI value would be recorded. All the groundwaters in the study area recorded positive CAI values and therefore gives an indication of the occurrence of Base Exchange between Na and K in water with Ca and Mg in the host rocks.
Conclusion
The suitability of groundwater for irrigation in some selected areas of intensive farming in five districts of the Upper West region has been assessed with reference to internationally accepted standards. EC values in the study area show that the groundwater in the study area is excellent and good as such suitable for irrigation purpose. The groundwater in the study area is also within the class of none and Slight to moderate based on TDS classification. The Wilcox diagram also classifies the groundwater in Fig. 4 USSL diagram for classifying irrigation waters on the basis of SAR and EC as described by Richards (1968) the study area as excellent to good and good to permissible.
The PI values based on Doneen's chart and USSL diagram shows that the groundwater falls under Class I and II, making the groundwater suitable for irrigation. The US Salinity diagram also reveals that majority of the groundwater fall within the low salinity-low sodium hazard and medium salinity-low sodium hazard class. However, one sample form Jeffisi-Bosobelle of the Sissala district fall within the high salinity-low sodium hazard class. This groundwater could therefore be used limitedly and carefully to irrigate only semi-tolerant crops. Evaluation of the suitability of the groundwater in the study area for irrigation based on KR also suggests that 34 % of the samples are unfit for irrigation. Generally, groundwater in the study area is good for irrigation except for few instances which require special careful application.
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